Strains of Mycoplasma mycoides subsp. mycoides small colony (SC) type, the agent of contagious bovine pleuropneumonia (CBPP), were analysed with respect to the polymorphism of distribution of a newly discovered insertion element, lS1296, on the chromosome. Analysis of 64 strains isolated from Europe, Africa and Australia, including four vaccine strains and the type strain PG1, revealed ten different IS patterns, forming two main clusters. The European strains originated from outbreaks of CBPP in different countries, and from various other sources such as semen and preputial washings from cattle, lungs from goats and buffalo, and milk from sheep. They showed identical IS1296 patterns, except one strain which had an additional IS1296 element, but the pattern belonged to the same cluster. This shows that the strains from Europe form a clonal lineage. The strains originating from different geographical parts of the African continent and from Australia showed four closely related IS1296 patterns which belong to a separate cluster. This indicates that strains from Africa and Australia form a clonal lineage different from that of the European strains, suggesting that the sporadic cases of CBPP that have re-emerged in Europe almost 15 years after the last declared endemic case in 1967 arose from an established reservoir within Europe rather than being the result of repeated importation from Africa and Australia. While most strains from Africa and Australia had the same IS1296 pattern, all vaccine strains could be distinguished by an individual pattern. The type strain PG1 also had a particular IS1296 pattern which belongs to the cluster of the strains from Africa and Australia. The molecular definition of clonality of M. mycoides subsp. mycoides SC strains with IS1296 represents a rapid and reproducible method for subtyping and differentiation of vaccine strains. It permits at the present time the definition of two main clonal lines, one including the strains from the European continent and a second with strains from Africa and Australia.
INTRODUCTION
of closely related infectious mycoplasmas including mzcoides SC is the infectious agent of contagious bovine 0002-0239 0 1995 SGM X. C H E N G a n d O T H E R S pleuropneumonia (CBPP), a severe contagious disease in cattle and buffalo (ter Laak, 1992) . Due to its high socioeconomic impact in endemic regions, CBPP is declared by the Office International des Epizooties as a s e r i m disease belonging to list A, requiring special international measures. The disease was endemic on all continents during the 19th century and the beginning of the 20th century, but was subsequently eradicated from Europe, the United States, South Africa and Australia by strict application of sanitary measures. The last case of CBPP in Europe was reported in 1967 from Spain. Since 1980, however, outbreaks have been reported from France, Portugal, Spain and Italy (ter Laak, 1992) . At the present time the disease is still endemic in Africa and Asia. Due to increasing international trade, the spread of CBPP presents a renewed danger and demands the development and implementation of modern and efficient control programmes. There is therefore a requirement for specific diagnostic tests and methods for strain identification to establish the sources and reservoirs of infections.
Despite the fact that M. mjcoides subsp. mjcoides SC was the first mycoplasma to be isolated (Nocard & ROUX, 1898) , and that it is an important contagious pathogen, little is known about this organism. So far, the size and a physical map of the chromosome of the type strain PG1 has been established (Pyle et al., 1990) , and methods for species identification and detection have been developed based on PCR amplification of DNA segments of unknown function (Bashiruddin et al., 1994a, b; Dedieu e t al., 1994) (Galas & Chandler, 1989) . Several such elements have been used as molecular DNA fingerprinting markers for identification and subtyping of pathogenic bacterial strains in epidemiological studies. The method has been proved particularly useful for
Mycobacteritlm ttlberczllosis (van Embden e t al., 1993 ; Small et al., 1994) and for Salmonella (Stanley et al., 1993) . The insertion sequence IS 1276, recently identified in subsp. mycoides SC is present in 19 copies in the type strain PG1 (Frey et al., 1995) . IS1276 was also detected in low copy numbers in subsp. mycoides LC and in Mycoplasma sp. 'bovine group 7' (Frey et al., 1995) . In the present study we have employed IS1276 fingerprinting to analyse 64 strains from different countries and continents, including four vaccine strains and type strain PG1. We show the usefulness of IS1276 as a molecular marker for strain identification and subtyping and for the identification of clonal lineages and their short-term evolutionary relationships within M . mjcoides subsp. mycoides SC. Genomic mycoplasmal DNA was digested with the corresponding restriction enzyme, separated electrophoretically on a 0.7 YO agarose gel, transferred onto positive charged nylon membrane (Boehringer Mannheim), and denatured as described by standard protocols (Ausubel et al., 1990) . The membrane was pre-incubated with 20 ml hybridization buffer [5 x SSC (1 x SSC is 150 mM NaC1, 15 mM sodium citrate, pH 7.7)], 0.1 YO N-lauroylsarcosine, 0.02 % SDS, and 1 YO (w/v) blocking reagent (Boehringer Mannheim) per 100 cm2 membrane at 68 "C for 2 h, and then hybridized with 2-5 ml hybridization buffer containing 1 pg digoxigenin-11-dUTP labelled IS 1296 probe per 100 cm2 membrane for 18 h at 68 "C. The membrane was washed twice for 5 min at room temperature with 2 x SSC containing 0.1 YO SDS, and twice for 15 min at 68 "C with 0.2 x SSC containing 0.1 YO SDS. The digoxigenin-labelled probe was detected using phosphatase-labelled anti-digoxigenin antibodies (Boehringer Mannheim) according to the producer's instructions.
METHODS

RESULTS
Standard method for fingerprinting
Southern blot hybridization of IS 1276 probe with HindIII-digested DNA from type strain PG1, the African field strain Afadi, and a European field strain L2 (isolated
. 11 Streptomycin-resistant vaccine strain (Provost, 1969) , passage 50, FAO-approved master seed bank ; identical to strain T1 Sr.
9 Ancestral vaccine strain (Provost, 1969) .
Streptomycin-resistant vaccine strain, derived from strain T1 (Provost, 1969). gave the best resolution on standard gels, we used this enzyme for further analysis as a standard method for from El (Fig. 2) . In the second cluster, the majority of strains (16) belong to pattern A l , the other eight strains fingerprinting.
which include the type strain PG1 share five different patterns, each of them being related to A1 by one different Analysis of 151296 patterns
We analysed 63 strains of M. mycoides subsp. mycoides SC from different countries and continents and the type strain PG1 [directly from the National Collection of Type band (Fig. 2) . Two strains, one of them being an ancestral African vaccine strain formed separate patterns (A2 and A6) belonging to neither of the two main clusters.
Cultures (NCTC), Public Health Laboratory Service, London, UK, or subcultured by another laboratory] by IS 7276 fingerprinting. The strains were collected between 1940 (Africa), between 1965 and 1968 and between 1980 and 1993 (Europe) (unfortunately no European strains from the period before 1960 were available). Among these strains, we distinguished ten different IS7276 patterns (Fig. 1 ) named E l , E2, Al-A7 and P (Table 1 ). The relationships among the IS patterns are presented as an evolutionary network connecting the observed genotypes in Fig. 2 . In this diagram where the different patterns are interlinked by differences of one IS band, two main clusters can be observed. One cluster
Epidemiologic investigations
Among the 39 European strains from France, Italy, Portugal and Spain, all except one had the same pattern (El). The single strain that differed showed pattern E2 which differed from El by having one additional IS1276 copy, hence belonging to the same cluster (Table 1 and Fig. 2) . The hybridization patterns of a few selected strains are shown in Fig. 1 . One strain isolated from a buffalo in Italy showed pattern E l like the majority of European bovine strains. Portuguese bovine strains isolated from bovine semen or preputial washings (Goncalves, 1994 ) also showed the IS 7276pattern E l , like included all 39 strains isolated in Europe, which showed two different patterns, while the second cluster, which showed six different patterns, contained the strains isolated from Africa and Australia and the type strain PG1. The first cluster contained 38 strains with pattern El and only one strain with pattern E2, which was derived most bovine strains which are generally isolated from lungs affected by CBPP. Of particular interest are several strains isolated from species other than cattle. Two M. mycoides subsp. mycoides SC strains isolated from caprine pneumonic lungs and three SC strains isolated from the milk of sheep with mastitis (Brandao, 1995 ) also showed Table 1. pattern El which confirms their belonging to the same clonal line as strains isolated from cattle and buffalo.
The 24 strains originating from Africa and Australia showed seven different IS1276 patterns, A1-A7 (Table 1 and Fig. 1 ). Most field isolates from Africa and Australia showed the same pattern, Al, with only four exceptions. One strain isolated from Senegal had IS pattern A3, and each strain from both the Ivory Coast and from Burkina Faso had pattern A5. Both patterns A3 and A5 are closely related to A l , belonging to the same cluster. One field strain, isolated in Rwanda showed an IS pattern which was more distant from Al. All vaccine strains showed individual IS 1276 patterns. The attenuated strain T1 originally isolated in Tanzania and its streptomycinresistant derivative, T1 Sr, which is currently the officially Food and Agriculture Organization (FA0)-approved vaccine strain, showed an identical pattern A4 belonging to cluster 2, grouping the African and Australian strains (Figs 1 and 2) . This confirms the common origin of T1 and T1 Sr and indicates that the streptomycin resistance in TlSr is not IS1276-induced. Different passages of T1 and TlSr also showed the same pattern, A4 (Table 1) . The vaccine strain V5 from Australia also showed an individual pattern, A7, belonging to cluster 2, while the ancestral vaccine strain, KH3 J, originating from Sudan showed pattern A2 which, like pattern A6, forms an outgroup (Table 1 and Figs 1 and 2) .
The type strain PG1 had an individual pattern belonging to the second cluster (Fig. 2) . It was most closely related to pattern A1 of the African and Australian field strains (Fig. 2) . Cultures of PG1 from two different sources, one from the NCTC and a second from the Laboratory of Bovine Pathology (LPB ; Lyon, France) revealed the same pattern, thus indicating that IS 7276 transposes infrequently in M. myoides subsp. myoides SC.
DISCUSSION
Identification of individual strains or lineages of strains of M. myoides subsp. myoides SC has not been possible to date due to a lack of appropriate markers and methods. Since Mycoplasma species, like Mycobacterztlm ttrberctllosis, have a low number of rrn genes, ribotyping, which is generally the method of choice for genetic subtyping of strains, is not applicable. IS fingerprinting, however, has proved to be particularly useful where ribotyping did not result in sufficient discrimination between strains (van Embden e t al., 1993; Small e t al., 1994; Stanley e t al., 1993) . With a view to short-term evolutionary analysis of M. mycoides subsp. mycoides SC strains which are currently available from various countries and continents, and for epidemiological investigations, we have developed a method of DNA typing of M. myoides subsp. myoides SC strains which is based on polymorphisms generated by variabilities in the copy number and chromosomal position of IS7276. Our investigations of 64 strains from various countries and continents including four vaccine strains and the type strain PG1 revealed two main clusters which must have separated some time ago and which are confined to different continents. One cluster contains strains from Europe and the second cluster contains strains from Africa and Australia. The type strain PG1, whose origin is unknown, belongs to the cluster of strains from Africa and Australia.
From the analysis of the field strains it is interesting to note that nearly all European strains had IS1276 pattern El and the majority of the African and Australian strains had pattern A l , each belonging to a different cluster (Fig.  2) . This clonal stability of IS1276 patterns is mostly documented by the European field strains which originate from four different countries and were isolated during outbreaks within the last 15 years. One exception, strain 6479 from Italy, showed a different pattern with an additional copy of IS 1276. Further, more detailed local epidemiological studies using IS 1276 fingerprinting will reveal whether this clonal lineage is emerging in certain areas or whether this IS7276 pattern (E2) is a rare event.
The results, however, show that IS 1276 transposes infrequently and that the patterns are highly stable in field strains.
Among the African field strains the heterogeneity of IS7296 patterns is larger. This might be due to the fact that the disease has been endemic in Africa for a long time and is also spread more than during the outbreaks in Europe. IS 1296 fingerprinting therefore seems applicable for epidemiological studies in Africa. In this view, it is interesting to note that the only strains used in this study from the Ivory Coast and from Burkina Faso, countries which are known to have frequent exchanges of cattle, showed a common particular IS pattern (A5) which is different from all other strains. All of the Australian field strains analysed showed the same IS pattern (Al) as did most of the African field strains. They must therefore be of common origin. It has to be remembered that it was assumed that CBPP was introduced into Australia in 1858 by infected cattle from England (ter Laak, 1992) . This may lead to the speculation that a strain related to the strains found in Africa (cluster 2) was present in the European epizootical situation of the 19th century, or that the introduction of CBPP to Australia was of different origin. At the moment, the few strains investigated in this study, however, do not allow the establishment of a more precise epidemiological relationship of CBPP at an international level.
All vaccine strains analysed in this study showed particular IS7296 patterns. Strains T1 and TlSr (Africa) and V5 (Australia) had IS patterns belonging to cluster 2, confirming their descendence from AfricanlAustralian isolates. Strain KH3 J, which is an ancestral vaccine strain, had an IS pattern outside of the main clusters (Fig. 2) . However, more strains from the African continent have to be investigated to confirm the singularity of the patterns of the vaccine strains and to validate the method for identification of vaccine strains.
It is interesting to note that the type strain of M. mycoides subsp. mycoides SC, PG1, whose origin is not known and which has apparently become non-pathogenic (Edward & Freundt, 1973) , is closely related to the African and Australian field strains. Only one difference is observed between pattern P of PG1 and pattern A1 of the African and Australian field strains. It can therefore be assumed that PG1 originates from a strain belonging to the lineage of pattern A1 which might during multiple passages have undergone an IS 1296 transposition event before having been deposited as the type strain. This may also account for the loss of its pathogenicity.
Despite the fact that M. mycoides subsp. myoides SC is generally described as specific to large ruminants, isolation of M. mycoides subsp. mycoides SC from small ruminants has been reported (Goncalves et al., 1994) . We have therefore analysed two strains isolated from caprine lungs (C305 and C425) and three strains isolated from ovine milk (0326, 0512, 0526) . IS 1296 fingerprints clearly show that these strains belong to the same clonal lineage as the strains isolated from CBPP outbreaks in Europe. Small ruminants therefore represent potential reservoirs for M. mycoides subsp. mycoides SC and must therefore be included in investigations and programmes for the control of CBPP. A further interesting aspect is the uncommon localization of M. mycoides subsp. mycoides SC with the same IS7276 pattern as CBPP strains from semen or preputium of bulls. This fact should also be taken into account in the elucidation of the chain of infection.
Fingerprinting of M. mycoides subsp. mycoides SC strains with IS7276 is an efficient method giving highly reproducible results which can be used for epidemiological subtyping and for the identification of strains, especially vaccine strains. Moreover it has allowed us to identify two clonal lines, one representing strains from the European continent and a second including African and Australian strains.
